WD 

a 

B 

u 

a 

O 

o 

a 

a 



3 
-a 

! 

s 



/-s O 

< fa 



00 

in _ 
o J? 

Pi CO 



U 



O 

O 



3 



■§ 

1 



m 
m 
o 

CO CO 



^ oo 



m 



m 
o 



o 



£ & W 



RIM] 



o 
o 

*3 



CS 

o 
o 
u 

> 
© 

o 
s- 



a 

a 

H 

a 

o g 



J-H 



I ' 

3 ° 

a "■3 

Oh Ph 



fa 
to 
O 

o 



o 
PQ O 

•n in 

*o m 



O 

© o 



a 
o 

o 



< o 



oo 
m 
Sri 



73 
a 
o 



<N 
O 

m 
On 
On 

OS 
OO 

O 

o 

co 

On 
On 



ON 

(N 
O 
(N 
On 
ON 

o 

<N 
v© 
00 

co 
oo 
o 

CN 
ON 
ON 

OO 

D 



5 .2 

Oh o a> 

2 U3 ^ 

S 3 3 

i < a 



° S 
•c 3 

Ph a 



<D 
td 
Q 

u 
o 

Q 

< 

fa 



p 

o 
q 



00 

m 
■n 
o 
fa 

W 

o 

4-) 

o 

I 



(19) 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europSen des brevets (11) EP 0 556 81 0 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
22.05.1996 Bulletin 1996/21 

(21) Application number: 93102489.7 

(22) Date of filing: 17.02.1 993 



(51) Intel. 6 : B41M 5/38, B41M7/02, 
G03C7/12, G02F 1/1335 



(54) Color filter array element with protective overcoat layer and method of forming same 

Element mit Farbfilteranordnung und schutzender Deckschicht sowie Verfahren zur Herstellung 
desselben 

Element de filtre - r6seaux color6s avec une couche de rev§tement protectrice et proc6d6 de sa 
fabrication 



CQ 
O 

T- 

co 

CO 
LO 

ir> 
o 
a. 

LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 19.02.1992 US 838620 

(43) Date of publication of application: 
25.08.1993 Bulletin 1993/34 

(73) Proprietor: EASTMAN KODAK COMPANY 
Rochester, New York 1 4650-2201 (US) 

(72) Inventors: 

• Harrison, Daniel Jude, 
c/o EASTMAN KODAK COMPANY 
Rochester, New York 14650-2201 (US) 



• Oldf ield, Mary C.S., 
c/o EASTMAN KODAK COMPANY 
Rochester, New York 14650-2201 (US) 

(74) Representative: Brandes, Jurgen, Dr. rer. nat et \ 
Wuesthoff & Wuesthoff 
Patent- und RechtsanwSlte 
Schweigerstrasse 2 
81541 Munchen (DE) 



(56) References cited: 
EP-A- 0 240 582 
US-A- 5 073 534 



US-A-4 357415 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Printed Dy RanK Xerox (UK) Business Services 

?. 11.7/3 4 



EP0 556 810 B1 



Description 

This invention relates to a color filter array element and, more particularly, to a color filter array element in which a 
protective overcoat layer overlies the transferred image in the dye image-receiving layer. 

5 In recent years, thermal transfer systems have been developed to obtain prints from pictures which have been 
generated electronically from a color video camera. According to one way of obtaining such prints, an electronic picture 
is first subjected to color separation by color filters. The respective color-separated images are then converted into 
electrical signals. These signals are then operated on to produce cyan, magenta and yellow electrical signals, which 
are then transmitted to a thermal printer. To obtain the print, a cyan, magenta or yellow dye<Jonor element is placed 

10 face-to-face with a dye-receiving element. The two are then inserted between a thermal printing head and a platen roller. 
A line-type thermal printing head is used to apply heat from the back of the dye-donor sheet. The thermal printing head 
has many heating elements and is heated up sequentially in response to the cyan, magenta and yellow signals. The 
process is then repeated for the other two colors. A color hard copy is thus obtained which corresponds to the original 
picture viewed on a screen. Further details of this process and an apparatus for carrying it out are contained in U.S. 

15 Patent No. 4,621 ,271. 

Another way to obtain a thermal transfer print using the electronic signals described above is to use a laser instead 
of a thermal printing head. In such a system, the donor sheet includes a material that strongly absorbs at the wavelength 
of the laser. When the donor is irradiated, this absorbing material converts light energy to thermal energy and transfers 
the heat to the dye in the immediate vicinity, thereby heating the dye to its vaporization temperature for transfer to the 

20 receiver. The absorbing material may be present in a layer beneath the dye and/or it may be admixed with the dye. The 
laser beam is modulated by electronic signals that are representative of the shape and color of the original image, so 
that each dye is heated to cause volatilization only in those areas in which its presence is required on the receiver to 
reconstruct the color of the original object. Further details of this process are found in GB No. 2.083.726A. 

Liquid crystal display devices are known for digital display in electronic calculators, clocks, household appliances, 

25 audio equipment, etc. Liquid crystal displays are being developed to replace cathode ray tube technology for display 
terminals. Liquid crystal displays occupy a smaller volume than cathode ray tube devices with the same screen area. In 
addition, liquid crystal display devices usually have lower power requirements than corresponding cathode ray tube 
devices. 

There has been a need to incorporate a color display capability into such monochrome display devices, particularly 

30 in such applications as peripheral terminals using various kinds of equipment involving phototube display, mounted 
electronic display, or TV-image display. Various attempts have been made to incorporate a color display using a color 
filter array element into these devices. However, none of the color array elements for liquid crystal display devices so far 
proposed have been successful in meeting all the users' needs. 

One commercially available type of color filter array element that has been used in liquid crystal display devices for 

35 color display capability is a transparent support having a gelatin layer thereon which contains dyes having the additive 
primary colors red, green and blue in a mosaic pattern obtained by using a photolithographic technique. To prepare such 
a color filter array element, a gelatin layer is sensitized, exposed to a mask for one of the colors of the mosaic pattern, 
developed to harden the gelatin in the exposed areas, and washed to remove the unexposed (uncrosslinked) gelatin, 
thus producing a pattern of gelatin which is then dyed with dye of the desired color. The element is then recoated and 

40 the above steps are repeated to obtain the other two colors. Misalignment or improper deposition of color materials may 
occur during any of these operations. This method therefore contains many labor-intensive steps, requires careful align- 
ment, is time-consuming and very costly. Further details of this process are disclosed in U.S. Patent 4,081,277. U.S. 
Patent 4,786,148 also discloses a color filter array element that employs certain pigments. 

Color liquid crystal display devices generally include two spaced glass panels which define a sealed cavity that is 

45 filled with a liquid crystal material. For actively-driven devices, a transparent electrode is formed on one of the glass 
panels, which electrode may be patterned or not, while individually addressable electrodes are formed on the other of 
the glass panels. Each of the individual electrodes has a surface area corresponding to the area of one picture element 
or pixel. If the device is to have color capability, each pixel must be aligned with a color area, e.g., red, green or blue, of 
a color filter array. Depending upon the image to be displayed, one or more of the pixel electrodes is energized during 

so display operation to allow full light, no light or partial light to be transmitted through the color filter area associated with 
that pixel. The image perceived by a user is a blending of colors formed by the transmission of light through adjacent 
color filter areas. 

In forming such a liquid crystal display device, the color filter array element to be used therein may have to undergo 
rather severe heating and treatment steps during manufacture. For example, a transparent conducting layer, such as 
55 indium tin oxide (ITO), is usually vacuum sputtered onto the color filter array element which is then cured and patterned 
by etching. The curing may take place at temperatures as high as 200°C for times which may be as long as one hour 
or more. This is followed by coating with a thin polymeric alignment layer for the liquid crystals, such as a polyimide, 
followed by another curing step for up to several hours at an elevated temperature. These treatment steps can be very 
harmful to many color filter array elements, especially those with a gelatin matrix. 
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Polycarbonate dye image-receiving layer materials for color filter array elements are described in U.S. Patent 
4,962,081. In using these materials to form a color filter array element, the polymeric material is typically coated on a 
glass support, using spin coating in order to obtain a smooth coating. Alternatively, the image-receiving layer can be 
applied to the support in a pattern, just slightly larger than the viewing area of the liquid crystal display device, by means 
5 of screen printing, as disclosed in U.S. Patent 5,079,214. 

U.S. Patent 5,073,534 discloses a color filter array element comprising a transparent support having thereon a 
polymeric dye image-receiving layer containing a thermally-transferred image comprising a repeating pattern of colorants 
and a process of forming the color filter array element. However, it does not disclose an overcoat layer. 

As has been mentioned, processes for the manufacture of color filter arrays entail the use of high temperatures and 
10 a variety of solvents. These conditions can cause severe damage to the polymeric dye image-receiving layers. It is an 
object of this invention to provide a polymeric overcoat that protects the image-receiving layer of a color filter array 
against degradation during the multiple steps of the manufacturing process. 

The color filter array element of the invention comprises a transparent support having thereon a polymeric dye 
image-receiving layer containing a thermally transferred image comprising a repeating pattern of dyes and, overlying 
15 said transferred image, as a protective overcoat layer, is a cycloaliphatic epoxide polymer. This protective layer is pro- 
duced by photopolymerizing an overcoat layer containing a cycloaliphatic epoxide compound and, as a polymerization 
initiator, an onium salt of a Lewis acid. In a preferred embodiment, the cycloaliphatic epoxide compound is 3,4-epoxy- 
cyclohexylmethyl-3,4-epoxycyclohexylmethylcarboxylate. The protective overcoat layer that is formed by irradiation of 
the photopolymerizable overcoat layer with ultraviolet radiation protects the dyes and image-receiving layer from damage 
20 from solvents, butyrolactone for example, used in coating the alignment layer for the conducting layer in liquid crystal 
displays. Without such a protective overcoat, the dyes are attacked by the solvent, resulting in loss of density and smear- 
ing of the image. The protective overcoat in the color filter array element of the invention maintains the good sharpness 
and high quality of the pattern of dyes in the element. 

The method of the invention comprises imagewise heating a dye-donor element comprising a support having thereon 
25 a dye layer comprising a thermally transferable dye, said donor element being in face-to-face contact with a dye receiving 
element comprising a transparent support having thereon a polymeric dye image-receiving layer; and thereby transfer- 
ring portions of said dye layer to said dye receiving element to form a repeating mosaic pattern of dyes thereon; coating 
over said pattern of dyes on said dye receiving element a photopolymerizable overcoat layer containing a cycloaliphatic 
epoxide compound and, as a polymerization initiator, an onium salt of a Lewis acid; and irradiating said photopolymer- 
30 izable layer with ultraviolet radiation to form a protective overcoat layer. 

As noted above, the dye image-receiving layer contains a thermally transferred image comprising a repeating pattern 
of dyes in the polymeric dye image-receiving layer, preferably a mosaic pattern. 

In a preferred embodiment of the invention, the mosaic pattern consists of a set of red, green and blue additive 
primaries. 

35 The size of the mosaic set is not critical since it depends on the viewing distance. In general, the individual pixels 
of the set are from about 50 to about 600 p,m and do not have to be of the same size. 

Liquid crystal display devices are commonly made by placing a material, which is liquid crystalline at the operating 
temperature of the device, between two transparent electrodes, usually indium tin oxide coated on a substrate such as 
glass, and exciting the device by applying a voltage across the electrodes. Alignment layers are provided over the trans- 

40 parent electrode layers on both substrates and are treated to orient the liquid crystal molecules in order to introduce a 
twist of, e.g., 90°, between the substrates. Thus, the plane of polarization of plane polarized light will be rotated in a 90° 
angle as it passes through the twisted liquid crystal composition from one surface of the cell to the other surface. Appli- 
cation of an electric field between the selected electrodes of the cell causes the twist of the liquid crystal composition 
to be temporarily removed in the portion of the cell between the selected electrodes. By use of optical polarizers on each 

45 side of the cell, polarized light can be passed through the cell or extinguished, depending on whether or not an electric 
field is applied. 

The polymeric alignment layer described above can be any of the materials commonly used in the liquid crystal art. 
Examples of such materials include polyimides, polyvinyl alcohol and methyl cellulose. 

The transparent conducting layer described above is also conventional in the liquid crystal art. Examples of such 
so materials include indium tin oxide, indium oxide, tin oxide and cadmium stannate. 

The Figure shows diagrammatically a part of liquid crystal display device 1 having a plate 2 of glass, quartz, or other 
suitable material. A color filter array 3 comprises red (R), green (G) and blue (B) cells 4 corresponding to pixels. Black 
grid lines 5 separate each color cell. The color filter array 3 is provided with an overcoat layer 6 and a transparent 
conducting layer of ITO 7. 

55 In the color filter array of the invention the polymeric overcoat layer 6, which overlies the image-receiving layer that 
contains the transferred dye image, is formed by photopolymerizing a layer containing a cycloaliphatic epoxide compound 
such as 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate and an onium salt of a Lewis acid as a photoinitiator, 
as described more fully hereinafter. In the Figure the polymeric protective overcoat layer is depicted extending beyond 
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the viewing area of the liquid crystal display device. However said polymeric overcoat layer can be coextensive with the 
underlying transferred dye image in the receiving layer. 

The other plate 8 has electrodes 9 provided thereon which define pixels, either because the electrodes 9 and the 
transparent conducting layer of ITO 7 constitute a cross-bar system in which the crossings define the pixels (passive 

5 drive), or because the electrodes 9 constitute picture electrodes which are driven by a system (not shown) of switching 
elements, drive and data lines (active drive), in which case the electrodes 9 may have a single flat structure. 

A layer of liquid crystal material 1 1 , which is provided with alignment layers 1 0, is present between the two supporting 
plates 2 and 8. The two plates are held at a substantially constant distance from each other by means of a sealing edge 
12 and spacers 13. In practice, the device is further provided with polarizers, reflectors, etc. in the conventional manner. 

w The dye image-receiving layer used in forming the color filter array element of the invention may comprise, for 
example, those polymers described in U.S. Patents 4,695,286, 4,740,797 and 4,775,657, and 4,962,081 . In a preferred 
embodiment, polycarbonates having a glass transition temperature greater than 200°C are employed. In another pre- 
ferred embodiment, polycarbonates derived from a methyienesubstituted bisphenol A such as 4,4'-(hexahydro-4,7-meth- 
anoindan-5-ylidene)bisphenol are employed. In general, good results have been obtained at a coverage of from about 

is 0.25 to about 5 mg/m2 

The support used in the invention is preferably glass such as borax glass, borosilicate glass, chromium glass, crown 
glass, flint glass, lime glass, potash glass, silica-flint glass, soda glass, and zinc-crown glass. In a preferred embodiment, 
borosilicate glass is employed. 

A dye-donor element that is used to form the color filter array element of the invention comprises a support having 
20 thereon a dye layer. Any dye or mixture of dyes can be used in such a layer provided they are transferable to the dye 
image-receiving layer of the color array element of the invention by the action of heat. Especially good results have been 
obtained with sublimable dyes such as 



25 




a ) 



55 



The above subtractive dyes can be employed in various combinations to obtain the desired red, blue and green additive 
primary colors, as disclosed in U.S. Patents 4,957,898, 4,975,410, and 4,988,665. The dyes can be mixed within the 
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dye layer or transferred sequentially if coated in separate dye layers and can be used at a coverage of from about 0.05 
to about 1 g/m 2 . 

Various methods can be used to transfer dye from the dye donor to the image-receiving layer on the support to form 
the color filter array element of the invention. For example, a high intensity light flash technique can be used with a dye- 

5 donor containing an energy absorptive material such as carbon black or a light-absorbing dye. Such a donor can be 
used in conjunction with a mirror which has a grid pattern formed by etching with a photoresist material. This method is 
described more fully in U.S. Patent 4,923,860. 

Another method of transferring dye from the dye-donor to the transparent support to form the color filter array element 
of the invention is to use a heated embossed roller as described more fully in U.S. Patent 4,978,652. 

w In another embodiment of the invention, the imagewise-heating is done by means of a laser, using a dye-donor 
element comprising a support having thereon a dye layer and an absorbing material for the laser. Whichever of these 
known thermal dye transfer methods is selected for making the color filter array element of the invention, the imagewise 
heating causes the dyes to transfer and form a repeating mosaic pattern of colorants in the receiving layer. 

Any material that absorbs the laser energy or high intensity light flash described above can be used as the absorbing 

15 material, for example, carbon black or non-volatile infrared-absorbing dyes or pigments which are well known to those 
skilled in the art. In a preferred embodiment, cyanine infrared absorbing dyes are employed as described in U.S. Patent 
4,973,572. 

After the dyes are transferred to the receiver, the image can be treated to further diffuse the dye into the dye-receiving 
layer in order to stabilize the image. This can be done by radiant heating, solvent vapor, or by contact with heated rollers. 
20 The fusing step aids in preventing fading and surface abrasion of the image upon exposure to light and also tends to 
prevent crystallization of the dyes. Solvent vapor fusing can also be used instead of thermal fusing. 

After the color filter array has been prepared by transfer of the dyes to the image-receiving layer, a photopolymer- 
izable overcoat is applied, using a formulation that contains the cycloaliphatic epoxide 3,4-epoxycyclohexylmethyl-3,4- 
epoxycyclohexylcarboxylate and a photoinitiator, which is an onium salt of a Lewis acid, for example, a triarylsulfonium 
25 salt. The color filter array element is then irradiated with ultraviolet radiation to produce the protective polymeric overcoat 
of the invention. 

Although even small amounts of the cycloaliphatic epoxide compound and of the photoinitiator in the photopolym- 
erizable overcoat formulation can produce a polymeric layer that provides significant protection of dyes in the image- 
receiving layer against attack by organic solvents, the photopolymerizable overcoat formulation preferably contains at 

30 least 25 weight percent of the cycloaliphatic epoxide compound and at least 4 weight percent of the photoinitiator. Espe- 
cially excellent protection is obtained with high concentrations, at least 95 weight percent of the epoxide. An overcoat 
layer applied at only 2 urn thickness provides excellent protection of dyes in the image-receiving layer, and even thinner 
overcoats are effective against attack of the dyes by solvents. The photopolymerizable overcoat layer can be applied to 
the support by spin coating; alternatively, it can be applied over the image-receiving layer in a pattern, slightly larger 

35 than the viewing area of the liquid crystal display device, by a printing method such as flexographic printing. 

Especially useful photoinitiators in accordance with the invention include Cyracure UVI-6974® triarylsulfonium hex- 
afluoroantimonate and Cyracure UVI-6990® triarylsulfonium hexafluorophosphate, both products of Union Carbide 
Company. Other useful photoinitiators are disclosed in U.S. Patents 4,161 ,478, 4,374,066, and 4,684,671. 

In addition to the epoxide compound and the photoinitiator, the overcoat layer of the invention can contain additional 

40 solvents and diluents such as ethers, for example, 1 ,4-butanediol diglycidyl ether, bisphenol A diglycidyl ether, and the 
like. 

The color filter array element which has been irradiated with ultraviolet radiation to produce the protective polymeric 
overcoat of the invention can be subjected to a further step of heating in an oven before testing. 

A series of examples of overcoated elements which demonstrate the effectiveness of cycloaliphatic epoxide poly- 
45 mers as overcoats and a series of controls have been prepared and tested as described below. 

General Method for Forming the Elements 

Color filter array model samples represented by a "red only dye" area were prepared by first spin coating a 0.1% 
so solution of VM651 ® siloxane adhesion promoter (a product of Dupont) in a mixture of 95% methanol and 5% distilled 
water onto a piece of clean glass for 2 minutes at 1 000 rpm. The adhesion promoting layer had a thickness of less than 
0.1 ym. Next, a 12% solution of the receiver polymer 4 t 4'-(hexahydro-4,7-methanoindan-5-ylidene)bisphenol polycar- 
bonate in cyclohexanone was spin coated over the adhesion promoting layer by spinning for 2 minutes at 1 000 rev/min. 
The dye receiving layer had a thickness of - 3.5 urn. The coated samples were then heated in an oven for one hour at 
55 90°C. The samples were imaged by a flash technique transferring a 1 .2 x 4.2 cm patch of red dye with a Metz Model 
402 flash unit (manufactured by Metz AG), using a mirror box as described in U.S. Patent 4,957,898. The flash delivered 
1 1 J/cm 2 of energy. 

The formulation of the red dye-donor used was as follows: 
0.22 g/m 2 Yellow dye A of U.S. Patent 4,957,898 



5 



EP0 556 810 B1 



0.26 g/m2 Magenta dye I of U.S. Patent 4,957,898 

0.25 g/m2 Raven 1255® carbon, dispersed in 2-butanone and cellulose acetate propionate 
0.20 g/m2 Cellulose acetate propionate (2.5% acetyl, 46% propionyl) 
0.008 g/m2 Fluorad FC-431® fluorosurfactant (a product of 3M Corp.) 
5 0.028 g/m 2 Solsperse 24000® aminepolyester surfactant (a product of ICI Corp.) 

It was coated from a mixture of 30% 2-butanone, 30% cyclopentanone, 20% toluene, and 20% propyl alcohol onto 
polyethylene terephthalate film support of 100 jim thickness. 

The dye was transferred from the donor coating into the receiving layer using the flash transfer method previously 
described. The dye-donor sheet was then removed from the receiver sheet. After the flash transfer process, substantially 
w all of the transferred dye was on the surface of the receiving layer. To fuse the dye into the receiving layer, the entire 
glass plate was exposed to saturated acetone vapor for five minutes and then placed for one minute under a Pyro® 
panel lamp Model 5610 (from Research Inc.), set to produce a temperature of 210°C. After fusing, the samples were 
wiped with methanol to ensure there was no dye remaining on the surface of the receiving layer. 

A UV-curable overcoat was then applied to the receiver layer containing the red dye image by spin coating a solution 
75 of epoxide compound and photoinitiator composition, as employed in the elements of the invention, for 2 minutes at a 
speed (from 1000 to 7000 rev/min) to produce the desired thickness. The overcoat was then subjected to ultraviolet 
radiation for 5 minutes from a Model M-218 exposing unit (from Colight Inc.), which has a medium pressure mercury 
lamp whose major wavelengths are 366 nm and 405 nm. After exposure the samples were heated in an oven for 15 
minutes at 60°C and then for 15 minutes at 200°C. The overcoated samples were then allowed to stand for at least 24 
20 hours before further testing. 

All of the formulations of the polymerizable overcoat contained Cyracure UVR-61 10® 3,4-epoxycyclohexylmethyl- 
3,4-epoxycyclohexylcarboxylate and Cyracure UVI-6974® triarylsulfonium hexafluoroantimonate; both materials are 
products of Union Carbide Co. 

25 Method of Testing 

The following procedure was used to test the U V-irradiated overcoated samples for butyrolactone resistance. A 1 0% 
solution in butyrolactone of Matrimid 5218® polyimide (from Ciba-Geigy), a material that has been described (Bahadur, 
B., Liquid Crystal Displays; Dienes, G.J., Labes M.M., Brown, G.H., Eds; "Molecular Crystals and Liquid Crystals"; Gor- 

30 don & Beach Science Publishers Inc., New York, 1984) as useful as an alignment layer for liquid crystal displays, was 
applied to an imaged color filter array sample. 

After two minutes contact with the butyrolactone solution of polyimide, the sample was spun with a spin coater for 
two minutes at 3000 rev/min. The sample so treated was placed in a 175°C oven for 15 minutes, then removed and 
evaluated for defects by visual inspection. 

35 Before the overcoating process, the blue and green Status A transmission densities were read at three areas on 
each color filter array model sample and averaged. After the test for butyrolactone resistance, three density readings 
were again made and averaged for each sample. The percent loss of density, which corresponds to dye loss resulting 
from contact with butyrolactone, was then calculated. The average density readings, the calculated percent dye loss, 
and the appearance of the samples after the butyrolactone test are shown in the Table following the specific examples 

40 below. 

The specific examples that follow illustrate variations, in accordance with the invention, of the conditions and com- 
positions for the application of the overcoat to the red dye containing receiving layer, as described in the above general 
procedure. 

45 Example 1 

A solution of 96% by weight 3,4-epoxycyclohexylmethyl-3,4-q3oxycyclohexylcarboxylate and 4% by weight triaryl- 
sulfonium hexafluoroantimonate was spin coated on the red dye-containing receiving layer, giving an overcoat with a 
thickness of 2.0 jim. The sample was UV-irradiated, and subjected to the butyrolactone resistance test. Transmission 
so density readings showed zero blue density loss and only 5 percent green density loss, illustrating the excellent protection 
by the polymeric overcoat of the red dye in the receiving layer from attack by butyrolactone. 

Example 2 

55 The procedure of Example 1 was followed, except that the spin coating speed was adjusted to produce an overcoat 
with a thickness of 3.3 nm. After the butyrolactone resistance test, there was zero blue density loss and only 5% green 
density loss, again demonstrating the excellent protection of the red dye-containing receiving layer by the polymeric 
overcoat. 
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Example 3 

The procedure of Example 1 was followed, except that the spin coating speed was adjusted to produce an overcoat 
with a thickness of 6.3 jim. After the butyrolactone resistance test, zero loss in both blue and green densities was 
5 observed. 

Example 4 

The procedure of Example 1 was followed, except that the spin coating speed was adjusted to produce an overcoat 
10 with a thickness of 1 0.5 fim. After the butyrolactone resistance test, there was 6% loss in blue density, zero loss in green 
density. 

Example 5 

15 The procedure of Example 1 was followed, except that the spin coating speed was adjusted to produce an overcoat 
with a thickness of 14.8 \Ltr\. After the butyrolactone resistance test, there was zero loss in both blue and green densities. 

Example 6 

20 The procedure of Example 1 was followed, except that the spin coating speed was adjusted to produce an overcoat 
with a thickness of 19.0 jotm. After the butyrolactone resistance test, zero loss in both blue and green densities was 
observed. 

Example 7 

25 

A solution of 71% by weight 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, 4% by weight triarylsulfo- 
nium hexafluoroantimonate, and 25% by weight Araldite GY6010® bisphenol A diglycidy! ether (from Ciba-Geigy) was 
spin coated on the red dye-containing receiving layer, giving an overcoat with a thickness of 3.3 \im. The sample was 
UV-irradiated and subjected to the butyrolactone resistance test Transmission density readings showed only 5% blue 
30 density loss and zero green density loss. 

Example 8 

The procedure of Example 7 was followed, except that the overcoat formulation consisted of 25% by weight 3,4- 
35 epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, 4% by weight triarylsulfonium hexafluoroantimonate, and 71 % 
by weight 1 ,4-butanediol diglycidyl ether. After the butyrolactone resistance test, the blue density loss was only 6% and 
the green density loss was 1 0%. This illustrates the good protection of the red dye in the receiving layer by an overcoat 
whose formulation contained only 25% of the cycloaliphatic epoxy compound. 

40 Example 9 

The procedure of Example 7 was followed, except that the overcoat formulation consisted of 46% by weight 3,4- 
epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, 4% by weight triarylsulfonium hexafluoroantimonate, and 50% 
by weight 1 ,4-butanediol diglycidyl ether. After the butyrolactone resistance test there was zero blue density loss and 
45 only 5% green density loss. 

Example 1Q 

The procedure of Example 7 was followed, except that the overcoat formulation consisted of 75% by weight 3,4- 
so epoxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, 4% by weight triarylsulfonium hexafluoroantimonate, and 21 % 
by weight 1 ,4-butanediol diglycidyl ether. After the butyrolactone resistance test, a blue density loss of 6% and a green 
density loss of 10% were observed. 

Following are descriptions of control tests which demonstrate the superiority of the elements of the invention. 

55 Control A 

The red dye-containing receiving layer coating, without an overcoat, was subjected to the butyrolactone resistance 
test. Transmission density readings showed an 82% loss of blue density and an 84% loss of green density, which is 
evidence of severe attack by butyrolactone on the red dye in the receiving layer. 
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Control B 

The procedure of Example 7 was followed, except that the overcoat formulation was 100% 3,4-epoxycyclohexylme- 
thyl-3,4-epoxycyclohexylcarboxylate. After the butyrolactone resistance test, there was a 26% blue density loss and a 
s 24% green density loss. This result, compared with that obtained in Example 1 , shows the much inferior protection of 
the red dye in the receiving layer afforded by an overcoat whose formulation contained no photoinitiator. 

Control C 

w The procedure of Example 7 was followed, except that the overcoat formulation contained 4% by weight triarylsul- 
fonium antimonate and 96% by weight 1,4-butanediol diglycidyl ether. After the butyrolactone resistance test, a 53% 
blue density loss and a 48% green density loss were observed. This result demonstrates the poor protection of the red 
dye in the receiving layer by an overcoat whose formulation contained none of the cycloaliphatic epoxy compound. 

15 Control D 

A solution of 73% by weight 3,4-epQxycyclohexylmethyl-3,4-epoxycyclohexylcarboxylate, 23% by weight HY283® 
polyamide hardener (from Ciba Geigy), and 4% by weight monoethylamine trrfluoroboride complex was spin coated on 
the red dye-containing receiving layer, giving an overcoat with a thickness of 3.3 jim. The sample was not UV-irradiated 
20 but was instead heated at 1 20°C for 1 5 minutes, then at 150°C for 1 5 minutes, and finally at 200°C for 30 minutes. After 
the butyrolactone resistance test, the blue density loss was 72% and the green density loss was 70%. Comparing this 
result with that in Control A shows that the heat-cured overcoat of this example afforded little more protection of the red 
dye in the receiving layer than no overcoat at all. 
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TABLE 



10 



15 



30 



35 



OVERCOAT PERFORMANCE 


Example 


CE* 


IN** 


Over- 
coat 

Thick- 
ness 
Gun) 


Status A Transmission Densities 


Effect on 

rtcu L/ye 

Image 










Blue 


Green 












+ • 


After 
++ 


/o 

Change 


Before 
+ 


After 
++ 


% 

Change 




1 


96 


4 


2.0 


1.9 


1.9 


0 


2.1 


2.0 


-5 


None 


2 


96 


4 


3.3 


1 Q 


1 Q 


o 

V 


2.1 


2.0 


-5 


None 


3 


96 


4 


6.3 


2.0 


2.0 


0 


2.2 


2.2 


0 


None 


4 


96 


4 


10.5 


1.8 


1.7 


-6 


1.9 


1.9 


0 


None 


5 


96 


4 


14.8 


1.9 


1.9 


0 


2.0 


2.0 


0 


None 


6 


96 


4 


19.0 


1.9 


1.9 


0 


2.1 


2.1 


0 


None 


! 7 


71 


4 


3.3 


1.9 


1.8 


-5 


2.0 


2.0 


0 


None 


8 


25 


4 


3.3 


1.8 


1.7 


-6 


2.0 


1.8 


-10 


None 


9 


46 


4 


3.3 


1.7 


I 1-7 


0 


1.9 


1.8 


-5 


None 


10 


75 


4 


3.3 


1.8 


1.7 


-6 


2.0 


1.8 


-10 


None 
























Control A 


0 


0 




1.7 


i 0.3 


-82 


1.9 


0.3 


-84 


Destroyed 


Control B 


100 


0 


3.3 


1.9 


1.4 


-26 


2.1 


1.6 


-24 


Slightly 
WrinWed 


Control C 


0 


1 4 


3.3 


1.9 


0.9 


-53 


2.1 


1.1 


-48 


Wrinkled 
and 

Smeared 


Control D 


73 


0 


3.3 


1.8 


0.5 


-72 


2.0 


0.6 


-70 


Cracked 



• % cycloaliphatic epoxide in overcoat formulation 
** % sulfonium salt initiator in overcoat formulation 
+ transmission density before overcoat application 
++ transmission density after butyrolactone resistance test 



45 

The results listed in the Table above demonstrate that the overcoat layers in the elements of the invention that are 
prepared from formulations that contain at least 25% of the cycloaliphatic epoxide compound and 4% of the photoinitiator 
compound substantially protected the dye in the receiving layer against attack by organic solvents. In contrast, the 
so controls were destroyed or damaged. 

Claims 

1. A color filter array element comprising a transparent support (2) having thereon a polymeric dye image-receiving 
55 layer containing a thermally transferred image comprising a repeating pattern of dyes (3) and, overlying said trans- 
ferred image as a protective overcoat layer (6), a cycloaliphatic epoxide polymer. 
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2. An element of Claim 1 characterized in that said protective overcoat layer (6) results from polymerization of a layer 
containing at least 25 weight percent of a cycloaliphatic epoxide compound and an initiator which is an onium salt 
of a Lewis acid. 

5 3. An element of Claim 2 characterized in that said cycloaliphatic epoxide compound is 3,4-epoxycyclohexylmethyl- 
3,4-epoxycyclohexylcarboxylate. 

4. The element of Claim 1 further comprising a transparent conducting layer (7) over said transferred image and a 
polymeric alignment layer (10) over said conducting layer. 

10 

5. The element of Claim 1 wherein said polymeric dye image-receiving layer comprises a polycarbonate having a glass 
transition temperature greater than 200°C. 

6. The element of Claim 5 wherein said polycarbonate is derived from 4,4'-(hexahydro-4,7-methanoindan-5-yli- 
75 dene)bisphenol. 

7. The element of Claim 1 wherein said pattern is a mosaic pattern of a set of red, green, and blue additive primary dyes. 

8. The element of Claim 2 wherein said onium salt is a triarylsulfonium hexaf luorantimonate or a triarylsulfonium hex- 
20 afluorophosphate. 

9. The element of Claim 1 wherein said protective overcoat layer contains 1 ,4-butanedio! diglycidyl ether or bisphenol 
A diglycidyl ether. 

25 1 0. A method of forming a color filter array element which comprises 

(a) imagewise heating a dye-donor element comprising a support having thereon a dye layer comprising a 
thermally-transferable dye, said donor element being in face-to-face contact with a dye-receiving element com- 
prising a transparent support having thereon a polymeric dye image-receiving layer, and thereby 
30 (b) transferring portions of said dye layer to said dye-receiving element to form a repeating mosaic pattern of 

dyes thereon, 

(c) coating over said pattern of dyes on said dye-receiving element a photopolymerizable overcoat layer con- 
taining a cycloaliphatic epoxide compound and, as a polymerization initiator, an onium salt of a Lewis acid, and 

(d) irradiating said photopolymerizable layer with ultraviolet radiation. 

35 

Patentanspruche 

1. Element mit einer Farbfilteranordnung mit einem transparenten Trager (2), auf dem sich eine polymere Farbbild- 
Empfangsschichtbefindet mit einem auf thermischem Wege ubertragenen Bild mit einem wiederkehrenden Muster 

40 von Farbstoffen (3) und das uber dem ubertragenen Bild als schutzende Deckschicht (6) ein cycloaliphatisches 
Epoxidpolymer aufweist. 

2. Element nach Anspruch 1 , dadurch gekennzeichnet, da(3 die schutzende Deckschicht (6) erhalten worden ist durch 
Polymerisation einer Schicht, enthaltend mindestens 25 Gew.-% einer cycloaliphatischen Epoxidverbindung und 

45 einen Initiator, der ein Oniumsalz einer LewissSure ist. 

3. Element nach Anspruch 2, dadurch gekennzeichnet, dafc die cycloaliphatische Epoxidverbindung 3,4-Epoxycylo- 
hexylmethyl-3,4-epoxycyclohexylcarboxylat ist. 

so 4. Element nach Anspruch 1, weiter umfassend eine transparente leitende Schicht (7) uber dem ubertragenen Bild 
und eine polymere Ausgleichsschicht (10) Qber der leitenden Schicht. 

5. Element nach Anspruch 1 , in dem die polymere Farbbild-Empfangsschicht ein Polycarbonat aufweist mit einer Glas- 
ubergangstemperatur von groBer als 200°C. 

55 

6. Element nach Anspruch 5, in dem das Polycarbonat sich von 4,4'-(Hexahydro-4,7-methanoindan-5-yliden)bisphenol 
ableitet. 
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7. Element nach Anspruch 1, in dem das Muster ein Mosaikmuster aus einem Satz von roten, grunen und blauen 
additiven primSren Farbstoffen ist. 

8. Element nach Anspruch 2, in dem das Oniumsalz ein Triarylsuffoniumhexaf luorantimonat Oder ein Triarylsulfonium- 
5 hexafluorophosphat ist. 

9. Element nach Anspruch 1 , in dem die schutzende Deckschicht 1 ,4-Butandioldiglyddylether oder Bisphenol-A-digly- 
cidylether enthait. 

10 10. Verfahren zur Herstellung eines Elementes mit einer Farbfilteranordnung, das umfaGt 

(a) die bildweise Erhitzung eines Farbstoff-Donorelementes mit einem Trager, auf dem sich eine Farbstoffschicht 
bef indet mit einem auf thermischen Wege ubertragbaren Farbstoff, wobei sich das Donorelement in gesichts- 
seitigem Kontakt mit einem Farbstoff-Empfangselement befindet, das einen transparenten Trager aufweist, auf 

w dem eine polymere Farbbild-Empfangsschicht angeordnet ist, wodurch 

(b) Teile der Farbstoffschicht auf das Farbstoff-Empfangselement ubertragen werden, unter Erzeugung eines 
wiederkehrenden Mosaikmusters der Farbstoffe, 

20 (c) das Auftragen einer photopolymerisierbaren Deckschicht mit einer cycloaliphatischen Epoxidverbindung 

und als einem Polymerisationsinitiator einem Oniumsalz einer Lewissaure auf das Muster von Farbstoffen auf 
dem Farbbild-Empfangselement, und 

(d) das Bestrahlen der photopolymerisierbaren Schicht mit ultravioletter Strahlung. 

25 

Revendications 

1 : Element a r§seau de f iltres colores comprenant un support transparent (2) portant une couche polymere r6ceptrice 
dlmage de colorants contenant une image transferee par la chaleur comprenant un motif r6pet6 de colorants (3) 
30 et un polym&re d'6poxyde cycloaliphatique comme couche de rev£tement protecteur (6) sur ladite image transf 6r6e. 

2. Element selon la revendication 1, caracterise en ce que ladite couche de revStement protecteur (6) rgsulte de la 
polymerisation d'une couche contenant au moins 25 % d'un compose epoxyde cycloaliphatique et un inducteur qui 
est un sel onium d'un acide de Lewis. 

35 

3. Element selon ia revendication 2, caracterise en ce que ledit compose 6poxyde cycloaliphatique est le 3,4-6poxy- 
cyclohexanecarboxylate de 3,4-§poxy-cyclohexylm6thyle. 

4. Element selon la revendication 1 , comprenant en outre une couche conductrice transparente (7) sur ladite image 
40 transferee et une couche polymere d'alignement (10) sur ladite couche conductrice. 

5. El§ment selon la revendication 1, dans lequel ladite couche polymere r£ceptrice dlmage de colorants comprend 
un polycarbonate ayant une temperature de transition vitreuse sup6rieure & 200°C. 

45 6. Element selon la revendication 5, dans lequel ledH polycarbonate est derive du 4,4 '-(hexahydro-4,7-m6thanoindane- 
5-ylidene)bisph6nol. 

7. Element selon la revendication 1, dans lequel ledit motif est un dessin en mosaique de colorants des couleurs 
primaires additives rouge, vert et bleu. 

50 

8. Element selon la revendication 2, dans lequel ledit sel onium est un hexafluoroantimoniate de triarylsulfonium ou 
un hexaf luorophosphate de triarylsulfonium. 

9. Element selon la revendication 1 , dans lequel ladite couche de rev§tement protecteur contient de rether diglycidy- 
55 lique de 1 ,4-butanediol ou de rether diglycidylique de bisphenol A. 

10. Procede de formation d'un element k reseau de f iltres colores, qui comprend : 
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(a) le chauffage suivant llmage d'un element donneur de colorants comprenant un support portant une couche 
de colorants comprenant un colorant transferable par la chaleur, ledit element donneur etant en contact face- 
&-face avec un element r6cepteur de colorants comprenant un support transparent portant une couche polymdre 
rgceptrice d'image de colorants ; et ainsi 

(b) le transfert de portions de ladite couche de colorants audit 6!6ment recepteur de colorants pour former sur 
celui-ci une mosaTque de motifs r6p6tes de colorants sur celui-ci; 

(c) I'application sur ledit dessin de colorants sur ledit element recepteur de colorants d'une couche de recou- 
vrement photopolymerisable contenant un compose epaxyde cycloaliphatique et, comme inducteur de poly- 
merisation, un sel onium d'un acide de Lewis ; et 

(d) une exposition aux ultraviolets de ladite couche photopolymerisable pour former une couche de recouvre- 
ment protectrice. 
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